Biological and chemical investigations were carried out to evaluate the antimicrobial potential of Callistemon comboynensis and C. citrinus leaf oils for herbal medicines. Disk diffusion and micro broth dilution methods were used for the evaluation of the antimicrobial activity of the essential oils against selected strains of bacteria (Staphylococcus aureus, S. epidermidis, Streptococcus mutans, Enterococcus faecalis, Klebsiella pneumoniae, Pseudomonas aeruginosa, Enterobacter aerogenes and Escherichia coli) and fungi (Candida albicans, Cryptococcus neoformans, Trichophyton rubrum, Aspergillus flavus, A. niger and Sporothrix schenckii ). Analysis of the leaf essential oils of C. comboynensis and C. citrinus using GC and GC-MS resulted in the identification of thirty and twenty eight compounds, respectively. 1,8-Cineole (58.5% and 58.0%), α-pinene (22.7% and 24.1%), and (E)-β-terpineol (6.4% and 1.8%), were the major constituents. The isolated essential oils could be of use for the future development of antimicrobial agents.
The antimicrobial properties associated with many essential oils and their fractions are well known [1] [2] [3] [4] . The use of a large majority of oils in food products and pharmaceuticals is mostly due to the aroma flavor they impart, but essential oils have the promise of use as effective antimicrobial agents, due to their bioactive components.
In India, Callistemon sps. were introduced as ornamental plants throughout the country, except in extremely dry and cool places [5] . Ten species of Callistemon are found in the National Botanical Research Institute {NBRI (earlier known as National Botanic Gardens)} [6, 7] , Lucknow, India. The shrubs C. comboynensis Cheel and C. citrinus (Curtis) Skeels were introduced into the NBRI from California, USA in 1976. The plants in California are reported to bear either red or pink to bottle green flowers, while plants growing in the NBRI bear pinkish flowers, twice a year. The flowering of these species is not so profuse. The seed-raised plants produced flowers after 4 years. As a part of our studies on Indian medicinal and aromatic plants for their bioactive constituents [8] [9] [10] , these plants have been investigated.
The volatile oils were obtained by conventional hydrodistillation of C. comboynensis and C. citrinus leaves in a Clevenger-type apparatus, which gave oils in 0.3% and 0.5% yields (v/w), on a fresh weight basis. Both essential oils were evaluated for their antimicrobial activity against a set of human pathogenic microbes, including bacterial and fungal strains. The antibacterial activity results of both essential oils against pathogenic bacteria are given in Table 1 , which showed that both the essential oils possess antibacterial activity against NPC Natural Product Communications The observations permitted a comparison of the bioactivity potential of the two oils. Table 1 demonstrates that C. citrinus leaf oil was comparatively more active than that of C. comboynensis leaf oil against the tested bacteria. Similarly, it was also observed that C. citrinus leaf oil had higher activity levels against the tested fungi in comparison to C. comboynensis leaf oil ( Table 2) . The antimicrobial activity of both the oils may be due to the presence, as major constituents, of 1,8-cineole and α-pinene [11] . Further, a higher antimicrobial activity of C. citrinus oil over C. comboynensis may be postulated due to its higher percentage of αpinene, as a higher antimicrobial activity for α-pinene over 1,8-cineole has also been reported [11] .
The components of the leaf essential oils of C. comboynensis and C. citrinus were analyzed by using GC and GC-MS, which resulted in the identification of thirty and twenty eight compounds, respectively. 1,8-Cineole (58.5% and 58.0%), α-pinene (22.7% and 24.1%) and (E)-β-terpineol (6.4% and 1.8%) were the major constituents (Table 3) . On comparing our results with those reported earlier by Mishra et al. on the chemical composition of C. citrinus leaf oil [14] .
Although the MIC of streptomycin was lower than that of the essential oils, the main advantage of the essential oils is that they are usually less toxic than streptomycin. Since C. citrinus oil has been used by the local people in Australia for many years, the development of the essential oil as an antibacterial agent either by oral treatment or by topical application might be profitable in the future. If the essential oil were cheaper, then this would be another advantage.
Experimental
Plant material: The leaves of Callistemon comboynensis and C. citrius were collected in August, 2001 from NBRI, Lucknow. The authenticity of the plants was confirmed by Dr Tota Ram, Scientist, NBRI and voucher specimens are maintained at the NBRI herbarium.
Oil isolation: Collective samples of fresh leaves of C. comboynensis and C. citrinus (200 g each) were subjected to hydrodistillation in a conventional Clevenger-type apparatus for 3 h, which gave 0.3% and 0.5% (v/w) of oils, respectively, on a fresh weight basis. The oils were dried over anhydrous sodium sulfate and kept in sterile sample tubes in the refrigerator at 4 o C until analysis.
GC and GCMS analysis:
The essential oil was analyzed using a Perkin-Elmer GC 8500, equipped with flame ionization detector, using BP- [13, [15] [16] [17] . The final confirmation of constituents was made by computer matching of the mass spectra of peaks with the Wiley and NIST libraries mass spectral database, and from literature information [19] . Chirality analysis was not performed. Relative amounts of individual components are based on GC peak areas obtained without FID response factor correction. The retention indices were obtained from gas chromatograms by logarithmic interpolation between bracketing n-alkanes. An homologous series of n-alkanes (C8-C22, Poly Science, Niles, USA) was used as standards.
Microbial strains used:
The antimicrobial activity of essential oils was analyzed using the following strains procured as microbial type culture collections 
